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(54) SEMICONDUCTOR DEVICE. 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
device and a manufacturing method thereof, wherein 
solder balls are effectively prevented from 
degrading in adhesion due to a thermal treatment 
carried out at a high temperature restraining the 
manufacturing cost of the semiconductor device 
from increasing in manufacturing cost. 
SOLUTION: A semiconductor device is equipped with 
a spherical terminal 18. wherein the terminal 18 
is fixed to a land 26 located on a wiring layer 16 
to serve as an outer terminal provided in the rear 
of a package board 22 or a terminal as an inner 
connector between a semiconductor chip and the 
package board 22. The land 26 is equipped with a 
nickel layer 28 on the wiring layer 16 and a gold 
layer 32 which comes into contact with the 
terminal 18. and a diffusion stop layer 30 which 
is formed of Pd or Pd alloy to stop Ni from being 
diffused into the gold layer 32 is interposed 
between the layer 28 and 32. Ni is prevented from being diffused upward by the 
diffusion stop layer 30. whereby the surface of the land 26 is hardly oxidized, and 
the gold ayer 32 can be made thin through a flash plating method, so that a rigid 
and fragile layer of Au-Sn alloy or the like is hardly formed on a solder joint 
surface. 
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NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of tills translation. 

hThis document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION ' ' ~ 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] 

this invention is concerned with the semiconductor chip generally connected to a 
substrate electrically and mechanically, and is concerned especially with a flio 
chip construct. y >.ii a , , ,yj 

[0002] 

[Description of the Prior Art] 

A flip chip method of construction is known in the conventional technoloav The 
semiconductor chip which formed the solder bump in the activity side of a 
semiconductor chip is joined to a substrate through this solder bump a **** 
repe ition and by carrying out a reflow of the solder further. A structural solder 
joint IS formed between a semiconductor chip and a substrate and it forms 
mechanical and electrical installation between this chip and a substrate A narrow 
gap IS left behind between a semiconductor chip and a substrate. 

L UUUo J 

One obstacle seen when a flip chip method of construction is applied to a polymer 
printed circuit is falling by the mismatching of the coefficient of thermal 
expansion seen between a chip and a polymer substrate, so that the reliabilitv of a 
solder joint cannot be received. That is. since a chip has the coefficient of 
thermal expansion of about 3 ppm[/degree ] C and a polymer substrate, for example 
epoxy glass, has the expansion coefficient of 26 ppm[/degree ] C from about 16 ' 
this makes stress form in a solder joint. Since it is small, a structural solder 
joint IS a disjunction plain-gauze cone. In order to strengthen the integrity of 
the solder joint in the interconnection of the flip chip to a substrate 
conventionally, lower part restoration of the capacity between a chip and a 
substra e was carried out with the lower part restoration (underfill) enclosure 
material which consists of suitable polymer. This lower part packing material is 
usually poured into the circumference of two contact surfaces of a semiconductor 
chip Then, flux of this lower part packing material is slowly carried out by 
capillary action, and it fills the gap between a chip and a substrate Next this 
ower par packing material is calcinated and hardened over a long period of time 
in order for this restoration enclosure material to become effective it is 
important that it pastes a chip and a substrate well and improves the integrity of 

nf'?h?;;hln'h^ I* "'""^'y ^^^t carrying out lower part restoration 

of the chip by the enclosure material hardened after that reduces the solder joint 
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Z^ulV^L'iTJ^^^^^^^ fnismatching between a chip and a 

[0004] 

However, a lower part restoration process makes the assembly of an enclosure fiio 
n?nPP^^'"'T"''"'* labor-intensive and expensive ??me-consum no 

process containing some indefinite elements. In order to join an integrated cicui t 
to a substrate, generally flux and the flux (low reside f ux) whiih ?s nofpu e and 
whose residue is low degree are installed on a chip or a substra e Nex? this 
megrated circuit is installed on a substrate. This assembly is imposed on a 
TH "^GU heat cycle, and soldering of the chip is carr ieTout to a 
substra e The surface tension of a solder helps for a chip and a substrate 
erminal to carry out self-adjustment. After a reflow becomes very difficult [ that 
It removes the lower shell flux residue of a chip since a chip wil I app oach verv 
much to a substrate ] to operate it. and. generally it is not made ?he e?ore he 
flux residue will usually be left behind to the space between a chip and a 

T^lnr-l'- ' ^'^^ ^^^'■d'^^^ ^^duce the reMabi ity and 

integrity of enclosure material ■^-Miy auu 

[0005] 

Generally lower part restoration enclosure of a chip is performed after a reflow 
In he conventional technology, the polymer specified for this ?owe par? 
restoration enclosure was epoxy. The coefficient of thermal expansion and modulus 

rL??r.K'' "^j^'t ^d'^'t'^'^ °f a non-bulking agen? \n o?de ?o 

rea ze the optimal reliability, the coefficient of thermal expansion near the 25 
ppm[/degree ] C and the modulus of 4 or more GPas are desi rab^el nee desi able 
epoxy has a coefficient of thermal expansion exceeding 80 ppm[/deg ee ] C and the 
modulus 0 less than 4 GPas. the inorganic bulking agent gene a Ny chosen has a 

Fm^H?^?''"""^'"^ ''t ^ high modulus in he aggrS?e as 

EPOSHIKI-inorganic substance mixture is in request within the limits. 

The conventional lower part restoration enclosing method has the four following 
mam faults, namely. - 1. solder bump's reflow INGU. and lower part res o^aUon 
and hardening of enclosure material serve as a multi-stage sto y p oceS and ?ead 
IVfTn''.^ productive efficiency. Carrying out lower paFt ?es ora ?on fequ fes 

ime for 2. flip chip assembly too much. Material is because it must flow through 
the minute gap between a chip and a substrate. The flux residue whi ch ema n. i n q 
gap Since the bond strength and fusion intensity of lowe part res o?a?on 
enclosure adhesives are reduced, it has a bad influence on the eMabM ?J of an 

c mc Ii'tr?ikl n.?pl''"1 l^' i!^''* '''''' ^^P'"^^^ action bele 
CM icahty-hke increasingly as 4. chip size increases, for the reason An 

enclosure process takes time increasingly, and becomes easy to form -1 and 

polymer becomes easy to separate it from a bulking agent at the time of ' 

app I I C3t I on . 

[0007] 

Of course, offering a required low coefficient of thermal expansion and a high 
modulus, as possibility of shortening the increase of reliability and requi ed 
time, and producing in enclosure material is reduced, it is an exeX 
permission to add various improvement to this process. 
L 0008 J 
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As a conventional method of otfiers wfiich enclose a chilp. It succeeds in the attempt 
in which the above-mentioned limit will be conquered, from the former through the 
hole in the substrate located near the center of a chip by applying the resin to 
enclose, after solder attachment and pure operation and an enclosure resin — the 
above — it was what pours into a hole and the circumference of a chip and secures 
full enclosure on the front face of a chip This method has the fault that it is 
necessary to reserve the area which does not have a circuit in the center of a 
substrate, in order to provide a hole with so intact space. Furthermore, the 
problem of a foam is not removed by this method, either 
[0009] 

Another conventional method indicated by U.S. Pat. No. 5,128,746 (Pennisi) applies 
the binder containing a flux agent to a chip or a substrate. A chip is positioned 
on a substrate and a reflow of the solder bump is carried out. This reflow in 
process and a flux agent promote wetting of the solder to the metal pattern of a 
substrate, further, when adhesives harden, it interconnects on parts so 
mechanically and a substrate is enclosed with them. A melting solder soaks the 
limitation of this method in a substrate metal promptly, and in order for the bump 
of a chip to perform [ a solder ] self-adjustment (self-align) to the metal pattern 
of a substrate with surface tension further, these adhesives are this thing [ that 
It must reach to an extreme reflow in process, and low viscosity must be 
maintained ]. However, the viscosity of these matter increases greatly by existence 
of the inorganic bulking agent needed. Therefore, by this method, a material useful 
as the flux and the enclosure material which have a low coefficient of thermal 
expansion required to acquire the optimal reliability and a high modulus was 
ungenerable. 
[0010] 

If lower part restoration is carried out by the enclosure material 102 which will 
harden a chip 100 after that if drawing 1 and drawing 2 are referred to, reducing 
the solder joint crack by the thermal -expansion mismatching between a chip and a 
substrate 104 is shown. The hardened enclosure material 102 changes into 
deformation of a chip 100 and a substrate 104 the stress induced by expansion and 
the differential shrinkage from the solder joint 106. That is, at drawing 1 
^'"Qwinq 2 shows the deformation in contraction induction nature stress [ in / low 
temperature / for the deformation in hot expansion induction nature stress ] 
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2 5 OS^S<7:)fi5i|i.^.yN>^:5^^^t^ ^'cfS^;^^^ . C 

ixbfi. m^iix':fti±:^{zftcxm'M:m^^n.^. 

[0 0 3 5 ]o^*(C. BGA 1 0DMig;^^^COl^T|^£P^ 
•r^o ^-r. ^^(7)Wii?L^?F^^LAc/^V^"v^fflS^ 

^fflSL. f^Dit;iy>rT^ :y^;i6ib^j;t/iBi^/i8. i 

— -v'/U/-?^ -iTT^; — /U2 2:}oJ:t>':^/i — 7is — /u2 4 
^n.5o ortC, ff^^UAc^fli^^N°-i^-->-:^UT. y 

[0 0 3 6 ] ±mLtzj:m^Tm. ^<y^-i>mmm2 

40 (OmMUh^hy V fX^^Wyy. V 4 ^ ^^ffi LT. 
mm^^-fx^ V^f\.h^'^<DWim^9f^X.Xl%ry^y K^>2 

e<ommmmzyj\^yi^i;^y.hm2o^mf&'r^. z(d 

-r — 2 2 io j:or>^/u— 2 2 p^-^ y /u y u V? 

[0 0 3 7 ] ortc. >'<:X'ir-v?fl|^^g2CO^|i 
50 v?;^ h 2 OtcJ: !9§|a LAc^5>(;im^^Ac(iMmi?^ :y 



11 

[0 0 3 8] m^X. ^^iZLtz^^^X. 

^xi.x^mi^^yy4^mmm±i.. ^=^Tmi:i^m 

[0 0 3 9] o#*(-. y/u^^-^ hfn^»J?fe(Cj:oT. 
(c^JfASfct. i^^^dfi, ^ :y ^v'U^ :y ^Jl 2 8 V 

^i^mfj^m^tzit^comcoi}mM{c^\,^x. :^mmmmx 

ifrlELfcJ: ^ iiZy<yi^C^ J^:?^ y^ms 0 J; o T N 

■y^^^mx<DA u - s n'k^m<Dm^^^mznmx 

[0 0 4 0] ^•-:/-5^7t^-/U?F^^^^ LTfl. Ji(±{ri7l!-^ 

WL2<Dm.m^m^yy y^ i^tdt^ y/uy-< 

ffii/^^^^fl. ^O!^. ^^"5^^-v^fflSffi2coj[g©(:i^ 
[0 0 4 1 ] -ItO J; LT^^>'y7K— /H 8;55^#^ 

I s^iffLxmrnm^^^tL^^ z<Dt^. ^^vy;^?— /u 
1 8 ^l^^;^>^b^)P^$i^. 't<omx^^^^y^—/ui si 
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[0 0 4 2] /^jb\ ;$:^iS?F^SSr*(i. (Dmw/)*^'^m 

xh^. tzt^t^. ^^mt^'^yy'4<Dmmjjm^xx/i^ 
•y^yym(DumA-'^mx$>^, y v y-y^y^mx 

^<y^"i^mm&2<D^m{^h±t^l^tzy>' KSI5 2 
JO Mf^LX^^. ^i'l^lftLX I C t^^y^ — iymS^2 

60 :i<Dy V yy^yy^iz-oi^-^xit. m^-t^ 

m3mmmmi^^\^^xm\^<m^^o 
[0 0 4 3 ] ^tz. ±mw^mxi't. ^^>y^^-^i^n$;^t 

\-xmtmtR^n^. z<D^<y^-iymmw.2^m^mwL 

[0 0 4 4] ^^^S(D?f^^-efi, ^T-i*(7)^ V K^2 6 

■^fcC <bfCj; !9. y >- K^2 6^©cOf^^fL;5J(5:;5ii:^ 
^fcy >-K^2 6 ^i^^^r^^fc, M^I^Au-Sn 

't^m(n^ofs:m<xm^^mt'^mi&^ic\.f^\^^, z(ofz^ 

isxrfmm^m(Di&Tr^^^icm±x^ ^m.^.^'^h^o 

m<mii^Lxhx\^^ztt}^b. mmfj^Au^mmx^. 
40, z.<D^.xm'^^y^v^^x,^m^.t-^^, 
[0 0 4 5] m 2 mmmm 

:^mt^mmn^ ^mm^r -BGAizmmLtzWr-^x^ 
^■twt^mmmxh^o ms^z^i^-^x. if^^-4 on^^m 

ffiff^^tC^6T-BGA. 4 2n^<y ^~-i>mm^^n^ 
-To 

[0 0 4 6] ^mMmmc^n^^<y^~'i;^mm^4 2 
it. mwi^m^mi^.-r^rzib{zm^itmm<D;>^-^ /u;^^^ 
^j:^m'^m4 4 t . m'^m4 4<D—:^mizi^mM^if^L 

so X^^^iy^tz^V ^ X K§^cOT AB7^-y^4 6 t^^^ 
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(ci: t? . 9[-mmmm i e t-o-r-])- k4 6 a <ir75^p> 

T. Bff^0^iHf]gS®/i 1 6 >r V-^- y - K4 6 a fW|± 

[0 0 4 7] :i<D^<y^--Jmmm4 2<D^^^^\'t^ 
B^-^4 6 ^mM&*3{Cgi^L/c4^^T% itlh«flg4 8 

K4 6 a(^^^^5>^sl^/E^^;^Xi/^-5o ^LT. ^« 

-y- K4 6 a ^^\.x^mPf^y^t9vmmmm i e 

^t7:)m^6^J;:^^^;^sig^^;^^-x:v^^^ ^^^^^ 

^l^y^m2^, 3 0, 3 2(DSjl«^(7)^>'K^2 6 
/^^ff^^^n. ^(D±K^ 9VU^^W't\.X(Oy^>'y7^^~ 

[0 0 4 9] wOJ: 3 ^<f1t^(^T-BGA4 Ofi. 
ft:f":y7^4t7:)mf^^l#tiiU®<t. iSl^^i^^fls: (^n^-^tK 

m^<^~><D^\Z^^Xmji^-^t\.X\.^^, :i<Dtz.i^^ T 
-BGA4 0fi. ^iO^NV^-v^f^(^)lt^eiiilS§7&^^ 

[0 0 5 0 lo#'fc. T-BGA4 0^Mig-r5;^i5^(7:> 
-M^. IJa0^t-5o ^-r. IBH/^-i'-^-l 6. 4 6 a ^ 

TAB7^->^4 6^i='i^)?f^^LTio<o ^fc. C O T A 4 
[0 0 5 1 ] ^ LT. tkm^A 9±\Z. ^m»^y-:^A 

tm-^mA A^WL^Hk^tz<Dib. mmm4 ta 

*^:y7'4<^^©^C?F^^$;h,T^^5m^l^^':y K^-fV^ 
-y- K4 6 a (^i^^giS^^^cOteM-a-i^^^fTofctg, 
TABx->^4 6^@^S4 4(C^lr-r5o mm 5i 
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K<t-f y - K4 6 a 0-:^pJ(c:f^^^y< 

7^^?f^^$ixr^o 19 . ±fETABx->^4 660@^^^fc 
il^t?:)!^. ^ - K4 6 a ^^f|ij^^b;[JDj^LT/E 

^^^5^ J: D . mS^^':y Kir-f ^-t-- y - K4 6 

[0 0 5 2 ] ortw. ^m^^y:/4<Dmmf)-hm^{z 

i^? [0 0 5 3]S^^fc. mi^l£?f^^<J:f^^/^;^jfe(cJ: 
19. ^^:^y/1^-/H 8(?5@^^fTo-C. ^i^T~BGA 
4 O^^^^-dr^o 

[0 0 5 4] ^(D^2mmmmKm^^mW'mm. (t- 

BGA4 0) 2SitK^(^Mit;^&fl. ^i^iSff^^^i^m 

[0 0 5 5] ^D;tT. ^*iS?f^^T-*i. ^VK^^TA 
B 7^-7^4 ^(O^VrnmUMA 6 a (Ci^-*!)??^^ L Tio < C 

tt^x^^^ v.tz.t^^x. m^. T AB^-^A^ tm. 

30 [0 0 5 6 ] w,^%mMm 

^nmmm^. ^^^n^csv\z.mm\.fzm%x^^^ 
114 fi. i^%mmm\zt^f}^^^mw^'mw (csp) 

Et&#4^ilIlTfe5o <::(^>C S P 5 0 -Cfl. i^^ft:^:y:/4 
-1^'-5 2±(Cg^®$4xT^5<9. #fJh^^g5 4{r J; 
[0057] D5fl. ^OOCS P(^flfr®(aT-fc5o 

^-^2tm.m'^. m.%,mz^m.^ixx^^ . ^m^=^ 
fcr L-^t^tc^ft^nfc^-^ -^yi.6 0 ^ y/py/<:^y 

5 6 <i:;i»5m^6<j*C^i|^^tir{/^^o - ^ 6 0 fl^ 

[0 0 5 8] S6f^. y/i'^^<v:/?f^^a5ioj:t;;-^-$ 

r^^Mz.MM^<y K4 a ±T-:^— n— V Ah tJS^P 



15 

<^m6Tit. y^^yi-i^y^ hm2 0(DmQ^r^^m^^ 

1 0 0 5 9 J ^-f)^^^mf^mmiit. cspt-r^ztiz 
[0 0 6 0] o#'(c. ±mmf^(D^mi^mmi (csps 

2 8. 3 0. 3 2 ^1|i^aS^^r^VKg|5 2 6 ^JF^^ 

[0 0 6 1 ] c(7)^>- v^m<D^mzy y y ^ 
■n^^tzm. y> \<^^2 e t y/uy^<y^^ 6 tr-mm.^ 

[0 0 6 2 ] o^'IC, ^3g*f^:y>^4^^:/-^-7K-if 

^(0-^-^-:h/i.6 0/5^M;tf^;^7;^a:7Karv/^(^Ii|.^t 
[0063] tj:^^ CSPS 0 <Dm.^<D'^ — ^-T/i^ Q 0 

LTJ:i\ 
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[ 0 0 6 4 J :^mmmm<D^mt^mm. (c s p 5 o ) 
m\mmmmtmm\z^ Kgi5 2 6f^fc^<^ v^e? 

^/^g3 0;6S:^aLTl^6Ci:?ii^e. ^ >^ KSii 2 6 

(^^'^ y'>^^ y^^m{zxoxm<wm\^xi,xi^z 

[0 0 6 5 ] 

[ID3] :^^?^(D^2 0||iS?F^^{C>^54^#^^M(^)^ 
[1114] ^^0^^om3^7)^^S?p^^i^C'^-54^S*^g<O.f4 

umxhho 

[HIS] lii(7:)^»^gg(?:)^ii[gir'3b-5o 

[1^6] y/^:/^<:/r?fMgpioj:of.^--^-^^pj-|f,5^j£ 

1. 4 0 - BGA {^mwmm) . 2, 42 -^nv^- 

i/fflSS. 6 --y^ T:^' -/^ii, 8, 6 2 •'•(^fliJigi^ 
/i. lO-m^—y^h. 12---^V-<^. 14"-^ — /i^ 
K^^flg. 1 6---:^fH[Jia;gji, 1 8 --/n 20 
••y/i--5^Uv^;;^ h^. 2 2•-•1^--^/^y<^i-,-^-/^^ 2 
4, 5 8 "•J^^yP-Tj^-zi., 2 6 -"^V^ Ka^>. 2 8 
^^\^:^y^m. 3 0--y<y v?i>A> y 3 2--^7f 

-y^^. 4 4"-S^S. 4 6 - TABT^-y^. 4 6 a "- 

4 8. 5 4 -itih^flg, 4 
ffis 5 0--CSP (^^^J^i^S) . 52 "^V^^-7K- 
1^- (^NV-ir-v?^^^) ^ 5 6 - -y/uy/O-y^, 6 0 
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